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Incubation Experiments with Turkey Eggs 
By J. HOLMES MARTIN and W. M. INSKO, JR. 


Relatively little experimental work on the incubation of 
turkey eggs has been published. This bulletin includes the re- 
sults of two years’ experimental work conducted in the ineuba- 
tion laboratory at the Kentucky Agricultural Experiment Sta- 
tion with eggs from Bronze turkeys. Some of these experiments 
were published in research journals (as noted in the references) , 
but are presented here so that they may be more available to 
poultrymen. 


GENERAL PROCEDURE 


A major portion of the eggs used in these experiments came 
from the flock of Bronze turkeys of R. H. Nute, Valley Station, 
Kentucky, and were shipped approximately 100 miles by express 
to the Station laboratories. All eges were gathered daily and 
placed, small end down, in egg cases equipped with duck-egg 
fillers. Each case held two hundred eges. Hach day’s gather- 
ing was kept separate so that the eggs might be distributed 
among the various lots (in the incubator) according to the age 
of the egg. During the holding period, the eggs were kept in a 
well-ventilated cellar. No eggs were more than eight nor less 
than two days old when set. A few of the eggs came from tlie 
Robinson Substation, Quicksand, Kentueky. They were shipped 
approximately 100 miles to the incubation laboratories. 

The breeding flock of Mr. Nute was fed cracked corn and 
wheat each evening and a mash of the following formula was 
available in self-feeders at all times thruout the year: 


CHAOTIC! BHOVIWON YY NOON 2 Beeete ee er ee ae 200 pounds 
AV Vilie citi Isc Teen rees ens | re Pees 100 pounds 
We aceee in pan gel CUS be wales Sa) eo ae eee en eee Some 100 pounds 
(GHEGIWG|, “CBRE coher see ee eee er 100 pounds 


CAPHRE WSF ay SEXETe DS Ses ek ea iene ae eee ae 100 pounds 
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IM Ga tS CY OD Reece cee eee neces create 100 pounds 
IDWaeyoh Wkebampes lke ae ee hccecees 50 pounds 
INE Ohesy Merwe TeeKSND oa eee Se es 50 pounds 
Bonegmeal sa ees oe eee Bee ee ee eee 16 pounds 
Sal te ee I ee a ee onde ties Bee 41% pounds 
CodbhiviersoilVconG en tirat Gye ee ee 1 quart 


The Robinson flock was self-fed shelled corn thruout the 
beeeding season and also received in open hoppers a dry mash 
of wheat mixed feed 300 pounds, ground yellow corn 100 
pounds, meat scrap 100 pounds, and salt 5 pounds. 

The eges used in the experiment on embryo growth were 
produced at the Western Kentucky Substation, Princeton, Ken- 
tucky. The eges were collected for thirteen days and then 
shipped to Lexington. This flock received a regular laying 
mash and grain. 


1. TEMPERATURE OF THE EMBRYO AND OF THE POULT 


To determine the normal temperature of the developing 
turkey embryo, temperature readings of eggs incubating under 
favorable environments, were taken daily. Three typical con- 
ditions were observed: first, natural incubation, eggs in nests 
on bluegrass sod (the turkey hen’s choice) ; second, sectional in- 
ecubator (Jamesway}, circulation of the air produced by grav- 
ity; third, forced draft incubator (Buckeye). The incubators 
were operated at the temperature and humidity which had given 
high hatchability in previous experiments. 

The sectional incubator was run at 10014, 10114, 10214, 
and 103° F., the first, second, third and fourth weeks, respec- 
tively, with the bottom of the bulb of the thermometer level with 
the top of the turkey eggs, that is, 1% inches above the tray. 
The thermometers were Tycos No, 409 graduated in !//, degrees. 
All thermometers were checked for accuracy before use. ‘The 
several sections of the incubator seldom varied more than !/, de- 
gree from the control temperature. The moisture pans in eacn 
section were kept filled and the humidity did not vary greatly 
thruout the incubation period. The relative humidity was 
checked frequently and varied from 60 percent to 65 percent. 

The forced-draft incubator was operated at a temperature 
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of 9914° and varied from 99° to 100° F. The relative humidity 
was approximately 59 percent. 

The method recommended by Sanctuary (1) was used in 
the determination of the temperature of the embryos. A small 
hole was made in the shell with a 14-inch bolt and the bulb of a 
clinical thermometer was lowered into the egg to the position of 
the developing embryo. The thermometer was allowed to re- 
main two minutes or more. Loss of heat from the embryo was 
prevented by wrapping the egg and thermometer stem in cotton, 
and protecting them from drafts. 


Empryo TEMPERATURE 
—~— —-~ ]NcuBATOR TEMPERATURE 


SECTIONAL INCUBATOR 


Temreerature — Decrees F 


NaturaL INCUBATION 


se 3 5 T 9 11 iS (S | TO CU OS ODUCT nce 
Days oF INCUBATION 


Figure 1. Mean embryo and incubator temperatures. 


The embryo temperature curve (Figure 1) for embryos 
under natural conditions is based on from one to three embryos 
each day of incubation (51 eggs broken in the 25 days checked). 
The number of eggs broken for temperature determination was 
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small because of the difficulty of getting broody turkey hens 
not needed to produce eges for other experiments. The curves 
for embryo temperature under the incubator environment are 
based on the mean temperature of five embryos taken daily in 
each machine. 


The mean temperature of the turkey embryo, incubated 
naturally, varied from 92.2° F. to 99.2° F., the first week. There 
was a rise to 101.0° F., on the ninth day with a comparatively 
uniform temperature for the remainder of the second week. 
The third week of incubation also showed only a slight variation, 
with the exception of the sixteenth day when the temperature 
was 98° IF’. There was a sharp rise from 99.9° F., on the twenty- 


TABLE 1. DAILY TEMPERATURE OF TURKEY EMBRYOS, IN 
DEGREE om la 


eh SS Paes Draft Incubator Sectional Incubator¢ 
5 |S eee 
fH 
=} sire te 
§ § = ' 1 5 © ' ! g 
ae) aPpon On HHP S On wr Ss 
a BS gb o po DOR o Pe D Sa, ® 
QO Reee HQ Roo = 2o 20g i 
be | Seee)| Ee EG he Se5 | Soe 
ae aTEo Bos O69 SS, EOS O50 o Se 
AA Zq8H RAS Hea Q Bas Hehe A 
Sees ih PeeneA Cl ee eee e | | 

1 eat 98.3 | 99.0 | —0.7 97.3 100.3 —3.0 
2 920.2% las 99.0 —1.5 97.4 100.4 | —2.0 
3 96.6* 97.9 | 99.0 —1.1 97.9 100.7 | —2.8 
4 98.2 97.6 99.0 —1.4 96.9 | 100.8 | —8.9 
5) 98.6 98.1 | wet |p leek | aot) || 100.0 | —4.1 
6 98.5 97.9 99.75 | —1.85 | 96.3 | 100.2 | —3.9 
i 99.2 OT o em 99.0 —l1.1 | 96.0 100.8 | —4.8 
8 99.9 Wess | 99.75 | —1.45 | Ni ik || 101.5 | —4.4 
9 | 101.0 98.8 | 100.0 —1.2 | 97.2 | 101.5 | —4.3 
10 993 98.5 | 99.75 | —1.25 | Sica 101.5 | —4.3 
11 99.8 98.9 | 99.25 | —0.35 foal 101.5 | —4.4 
12 oe ges ee 99.4 99.5 | —0.i | 99.0 | 101.7 | —2.7 
13 Sonos 99.5 | 99.0 | +0.5 | 99.5 | 102.5. | 350 
14 99 .6* 99.5 | 99.75 | —0.25 | 9923 102.2 | —2.9 
15 | 98.8* 99.3 | NOS —0.2 | 100.0 | 102.5 | —2.5 
16 98.0* | 99.4 | 99.25 | +0.15 9959 mal 102.5 | —2.6 
ire 100.2 99.9 | 99.0 | +0.9 99.9 | 102.5 | —2.6 
18 100.2 99.0 | 99.25 | —0.25 99.0 102.0 | —8.0 
19 99.6 99.4 | 99.0 +0.4 100.3 102.7 | —2.4 
20 99.8 99.1 | 99.0 | +0.1 hey || 102.45 eae 
1 | 99.9 100.5 99.75 | +0.75 100.3 102.5 | —2.2 
22 102.3 99.8 99.5 +0.3 | 101.5 | 102.9 | —=1e4 
23 | Ou 100.0 99.5 | +0.5 102.1 | 103.1 | —1.0 
24 | 103.6 101.8 99.25 | +2.55 102.4 | 103.4 | —1.0 
25 | LOIS | 102.7 WW) +3.7 i S| 1038.1 | —1.2 
26 | 108.5* 100.7 99.25 | +1.45 102.2 | 103.0 | —0.8 
al jie Seat! | 100.4 99.0 +1.4 102.8 | 104.0 | —1.2 
28 | ees | 98.5} O90) | —0.9 | ea = ae pares. 


* Only one embryo. 
j Difference between mean temperature of embryos and temperature of 


incubator at time eggs were removed for test. 
t Gravity circulation. 


a a eee ener 
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first day of incubation to 102.3° F., on the twenty-second day. 
The temperature the fourth week was considerably higher than 
that of the preceding week. 

The mean temperature of the turkey embryos in the forced- 
draft incubator varied from 97.5°, F., to 98.3° F., the first week, 
from 98.3° F., to 99.5° F., the second week, from 99.0° F., to 
100.5° F., the third week; and from 98.1° F., to 102.7° F., the 
fourth week of incubation. The embryo temperature was below 
that of the incubator until the thirteenth day of incubation, con- 
tinued at approximately that of the incubator until the twen- 
tieth day and was appreciably higher than that of the incubator 
from the twenty-first day until hatching time. 

The mean temperature of the turkey embryos in the sec- 
tional incubator varied from 95.9° F., to 97.9° F., the first week, 
from 97.1° F., to 99.5° F., the second week, from 99.0° F., to 
100.3° F., the third week and from 101.5° F., to 102.8° F., the 
final week of incubation. There was a decided increase in the 
temperature of the embryos on the twelfth day and again on 
the twenty-second day. The differences between the embyro 
temperature and the incubation temperature were markedly re- 
duced as the incubation period progressed. 

Eggs from the same flocks, hatched in the same incubators 
operated at approximately the same temperature and humidity 
gave from 65 to 75 percent hatchability during the same season, 
which indicated that the embryos used for temperature readings 
were under favorable incubation conditions. 

During the first eleven days of incubation, the embryos in 
the sectional incubator were from 2.8° F., to 4.8° F., below the 
temperature of the incubator as indicated by a thermometer 
with its bulb level with the top of the eggs. On the twelfth 
day, the difference was reduced to 2.7° F., and varied from 
22° F., to 8.0° F., from the twelfth thru the twenty-first day. 
he rise in embryo temperature followed the rise in incubator 
temperature at the end of the first week, preceded the thirteenth 
day rise and accompanied the twenty-first day rise in incubator 
temperature. The difference became less as incubation pro- 
eressed. As the embryos grew, the heat produced by metabolic 
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processes increased and reduced the amount of difference be- 
tween the temperature of the incubator and the embryos. 


In the forced-draft ineubator, the embryos remained from 


0.7° F., to 1.8° F., below the incubator temperature the first 
ten days. From the eleventh thru the twenty-third day, the 
embryo temperature varied slightly below and above the ineu- 
bator temperature. On the twenty-fourth day the embryo tem- 
perature rose above the incubator temperature and remained so 


until the twenty-eighth day. On the twenty-eighth day, the 


temperature of embryos in pipped eggs was slightly below ineu- 


bator temperature. This was doubtless caused by evaporation 


from the wet poults as yet unhateched. 


The body temperature of poults just out of the shell was 


practically the same as that of the temperature within the shell 
of the pipped eggs, which shows that the temperature of the 
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Figure 2. Temperature of poults from hatching to fourteen days of age, 
compared with chick temperature. 


entire body, not just that of the surface of the pouit, was low- 
ered at hatching time. There was a sharp rise in the body tets- 
perature of the poult (Figure 2) during the first and seeond 
days after hatching. The temperature, which was taken rectally, 
reached its maximum on the seventh day when it was 105.4° F. 

The graph represents the mean temperature of five Bronze 


| 


ee 
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poults taken daily thru the first eight days and on the four- 
teenth day. Daily temperatures were taken also of five White 
Holland poults, but no significant breed differences were noted. 
There was a slight drop (0.7° EF.) during the second week, as 
the mean temperature was 194.6° F. on the fourteenth day. 

Since the body temperature of the chick varies with the 
time of day, according to Card (2), all temperature readings for 
the poults were taken at about 4 p.m. Card’s work also showed 
no significant. differences in the sexes, except the third and 
fourth days, from 0.5° F’., to 0.8° F., so poults of both sexes 
were used in the determinations. It will be noted from Figure 2 
that the body temperature of the Bronze turkey poult was 
slightly above that of the White Leghorn chick (Card’s data, 
mean of both sexes) up to the fifth day, when the two were 
about the same. ‘That the body temperature of the chick in 
early life should overtake that of the ponlt is to be expected as 
the temperature of the adult fowl exceeds that of the mature 
turkey, according to Fronda (3) who gave 106.0° F., as normal 
for the adult turkey and 106.7 F., for the mature chicken. He 
also took the readings thruout the day and found that the adult 
male and female turkey reach their maximum body temperature 
at 4:00 p.m. The mean temperature was approximately 
106.6° F., which was two degrees higher than the mean of 104.6° 
F., which we found for two-weeks-old poults. The place in the 
erowth curve where this decided increase occurs is yet to be 
cetermined. 


ZeeGROWDHEORSTHE: TURKEY EMBRYO }(4) 


The determination of causes of embryo mortality seems to 
be dependent in a measure upon accurate knowledge of the 
metabolism of the developing embryo. A review of the litera- 
ture of this subject is given by Needham (5). 

“Seott and Hughes (6) determined the rate of growth of 
Bronze turkey embryos by wet weight, dry weight, and nitrogen 
content. They found that the turkey embryo was much smaller 
than the chicken embryo at any given day of incubation up to 
the twenty-first day. 
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This study of the Bronze turkey embryo covers: embryonic 
growth as measured by wet weight, dry weight, and ash content; 
percentage of moisture; growth cycles; and calcium and phos- 
phorus content. 

The eggs were incubated in an electric incubator (Peter- 
sime) at an average temperature of 99°4° IF’. and a relative hu- 
midity of 64 percent. All eggs were turned four times daily. 
At twenty-four intervals, six eves were removed and stored in a 
refrigeration room at 28 to 30° F. This effectively stopped em- 
bryonic development and preserved the eggs, which were ana- 
lyzed later. The procedure for analysis was as follows: The em- 
bryos were removed from the eggs, compared with previously 
standardized specimens, freed of all adhering yolk, including 
that within the body cavity, dried on filter paper, transferred to 


TABLE 2. AVERAGE WEIGHT, MOISTURE AND ASH CONTENT OF 
THE TURKEY EMBRYO. 


Average | Number Wet Dry Percent Ash 

Day Weight of Weight Weight Moisture Content 
of Eggs | Embryos grams grams grams 

| | | pee 

5 84.2 5 | 0156 | 0050 | 67.95 | 

6 84.5 2 . 0330 .0104 | 68.48 | 
Uf 83.5 4 | o797 | 0204 | 74.40 | 0004 
8 83.7 3 | 1903 | 0279 | 85.34 | .0013 
9 84.5 | 2 ane «|| 0586 | 88.56 | 0044 
10 86.3 | 3 | Sees | 0576 | Koil | 0043 
Tall 82.5 2 | .9492 | .0719 | 92.43 | 0085 
12 82.5 4 | KAO) 1583 «| 91.04 | 0138 
13 | 83.0 5 | 3.9664 | pagilG), 93.15 | - 0269 
14 Sant 6 | 4.4310 | sens le | 0319 
15 Som 3 i 5.6975 | 6530 | 88.54 | . 0523 
16 85.6 5 | 6.2538 .9141 | 85.38 | . 0669 
Ney 84.8 6 | 7.0468 1.2354 | 82.47 | 0865 
18 81.0 2 T2482 2.2035 S586 my 150m 
19 83.7 3 15.4144 | 3.1686 | 79.44 | .1923 
20 84.5 4 16.5000 | 3.2900 | 80.09 2175 
21 83.5 4 23.8900 | 4.8200 79.81 . 3250 
22 84.0 4 | 2esilon | 5.8200 | 78.86 | . 3950 
23 85.8 | 5 | 33.2100 | 6.8600 | 79.35 | 4900 
24 83.4 5 36.9300 | 7.8900 78.63 | -5840 
25 85.0 | 5 | 44.3600 | 9.2900 | 192 05em| - 6900 
26 84.2 5 49.3600 11.3700 | 76.96 | 7920 


silica dishes, weighed, and dried to constant weight in an elec- 
tric oven at 100° C. The dry embryos were then burned to a 
white ash, which was dissolved in hydrochloric acid, made to a 
definite volume with distilled water, and calcium and _ phos- 
phorus determined in separate aliquots. Calcium was deter- 
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mined by the McCrudden volumetric method (7) and phosphorus 
by the volumetric method of the Association of Official Agri- 
cultural Chemists (8). 

Growth of the turkey embryo as measured by wet weight, 
dry weight, percent of moisture, and ash content is given in 
Table 2 and Figure 3. As shown in Figure 3, embryonic growth 
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Figure 8. Growth of the bronze turkey embryo aS measured by wet 
weight, dry weight, ash and percent moisture. 
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is divided into three distinct phases with definite periods of re- 
tardation between the ninth and tenth days and between the 
nineteenth and twentieth days. Romanoff (9) comparing his 
data with those of other investigators, found three distinct 
eyecles in the growth of the chick embryo, retardation of growth 
usually falling on the ninth and sixteenth days of incubation. 
The periods of retardation of growth in the turkey embryo ap- 
pear at relatively the same time as those of the chick embryo. 

The calcium and phosphorus content of the turkey embryo 
is given in Table 3. The actual amount of calcium is small until 
the eighteenth day, after which, with the exception of the de- 
erease apparent on the twentieth day, it is deposited so as to 


TABLE 3. AVERAGE CALCIUM AND PHOSPHORUS CONTENT OF 
TURKEY EMBRYOS. 


Caleium Phosphorus Ca:P 
Day (Ca) (P) ratio 

grams grams 

| | 

118} | 0031 | . 0042 | ot AL: 
14 | 00381 | . 0057 [ eb 4a 
15 | 0057 | . 0085 pOrmicds 
16 | . 0092 .0118 SRSA 
aly | 0119 01438 ABRIL 
18 | 0207 | 0274 ol Gish 
19 | .0409 . 0289 | LAA 
20 0321 | 0222 p Discs PayOnl 
21 | 0543 0534 1022 
oD . 0764 | 0664 | ibs iayeal 
23 | 0928 | 0812 1.14:1 
24 | 1081 | 0948 1430 
25 1388 | 1160 | 13208 
26 | 1632 | 1327 13200 


inerease its total rapidly. The total calcium corresponds to the 
erowth of the embryo. Needham (10) finds that the caleiam 
content of turkey embryos agrees exactly with that for caleium 
content of other embryos. 


The calcium and phosphorus of the embryos decreased 
simultaneously from the nineteenth to the twentieth days and 
were approximately the same on the twenty-first day. The 
calcium-phosphorus ratio with phosphorus remaining constant 
aut 1.0 is shown in Table 3. Until the nineteenth day the value 


of calcium is below 1.0 while after that time the value is more 
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than 1.0. The calecium-phosphorus ratio during the latter period 
of incubation (approximately 1.2 Ca:1.0 P) may be an indiea- 
tion of the proper ratio in the diet of newly hatched turkeys. 


2. DISTRIBUTION OF EMBRYO MORTALITY @ia\)) 


Payne (12) found that there were two critical periods dur- 
ing the incubation of chicken eggs. These periods of hieh mor- 
tality occur on the fourth, fifth and sixth days and on the 
eighteenth, nineteenth and twentieth days of incubation. The 
eritical periods coincided in natural and artificial incubation. 

Byerly (13) noted the occurrence of a minor peak of mor- 
tality in chicken embryos on the seventh day of incubation, and 
Byerly, Titus and Fllis (14) found a mid-ineubation peak re- 
lated to nutritional deficiencies in the diet of the breeding flock. 

Riddle (15) found that embryo mortality of the common 
pigeon, ring dove, and wild dove, when plotted on the same 
basis as that of chickens (Payne’s data) showed the same peaks 
of mortality during the early and late periods of incubation. 
The distribution of turkey embryo mortality has not been re- 
ported heretofore, so far as the authors are aware. 

In this experiment, in which mortality of the turkey em- 
bryo is compared with that of the chick, some of the eges were 
incubated in a forced-draft electric incubator (Smith 30,000 
egg capacity) and the others in a sectional hot water incubator 
heated by gas (Jamesway triple deck). The forced-draft ineu- 
bator was operated at a temperature of 99° F., with a relative 
humidity of 61 per cent until the twenty-fifth day of incubation 
and 70 percent thereafter until the hatch was completed. 

The eggs were subject to four different procedures, namely : 
group 1, ecandling and removal of infertiles and dead germs on 
the twenty-fifth day; group 2, no eandling; group 3, candling 
and distributing eggs equally to two trays for hatching; and 
group 4, candling but not dividing. The hatchability was prac- 
tically the same for all four lots. The mortality figures have 
been grouped for this study. The sectional incubator was oper- 
ated with the thermometer bulb 1% inches above the tray at a 
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temperature varying from 10014° F., for the first week to 
103° F., the third week. 

All eggs candled out (infertile or dead germ) on the 
twenty-fifth day and those that failed to hatch were broken and 
compared with previously standardized embryos to determine 
the age at death. There were 961 dead embryos in the White 
Leghorn hen eggs, 489 in Bronze turkey eggs incubated in the 
forced-draft incubator, and 310 in those in the sectional incu- 
bator. The numbers are sufficient to yield fairly dependable re- 
sults. 

The distribution of embryo mortality for Bronze turkey 
eggs contrasted with that of Single Comb White Leghorn hen 
eges (no pullet eggs) is plotted in Figure 4. It should be no- 
ticed that the percentage mortality of the two groups of turkey 
eges is very similar. In turkey eggs, as in chicken eggs, there 
is a critical period early in embryonic life and a second critical 
period during the latter part of incubation. The peak of the 
first critical period occurs on the fourth day of incubation and 
that of the second on the twenty-fifth day. Mortality between 
these periods is low. The second peak of mortality occurs at 
the same relative time for turkey and chicken eggs, but there is 
a difference in the first peak which may be caused by the greater 
length of time required to heat the turkey eggs to incubation 
temperature. 

The percentages of hatehability and of malpositions are 
given in Tables 4 and 5. The figures given for turkey eggs in- 
cubated under the two sets of conditions are not strictly com- 


TABLE 4. PERCENTAGE HATCHABILITY. 


Number urns Percent 
Fertile or Hatcha- 
Kees Chicks bility 
| | 
Turkey eggs | | 
(forced-draft incubator) | 2693 | 2116 | 78.6 
| | 
Turkey eggs | | | 
(sectional incubator) | 1680 1258 | 74.9 
Chicken egg | | | 
(forced- Graft incubator) 3465 | 2504 (P58 
| 


| 
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parable, for the eggs were not incubated at exactly the same 
time. They may be used, however, to i'lustrate the possible 
ceeurrence of these malpositions under each of the environ- 
mental conditions involved. It should be noted particularly that 
the incidence of malposition 2, head-in-small-end-of-egg, was 


TABLE 5. FREQUENCY OF MALPOSITIONS. 


As percentage of all As percentage of all 
fertile eggs dead germs 
Turkey Eggs . cece Turkey Eges re 
Malposition 2 aii a x By e 
hs 5 i Se oo es ies 
Sef| 82 | 328 | $23] 52 
eae | Ss | £33 | 32 | Soe 
cke| a2 | Ske | oko] $2 | eke 
BAS Nis RAS BOS NS BeOS 
| | 
1. Head between thighs ____ 0.59 0.89 1.67 one 4.84 6.04 
2. Head in small end of egg] 0.48 ont 0.14 2.66 7.42 0.52 
3. Head to left and under | | | | 
GL Gy RWI oT ier ee ee Odes 0.24 1.41 ORs Lo29 5e LO) 
4. Embryo rotated in egg | 
away! from air cel] _..._ 0.04 0.00 0.03 0.20 0.00 0.10 
5. One or both feet over 
Head tee oe os Se eee sheila 2.20 2.94 | 20.45 | 11794 10.61 
6. Beak over right wing __.. 0.26 Opn ORANG ees 0.65 0.62 
els Ot nse cn cigs bee ee, 0.34 2.26 0.00 Less | 122268) 0.00 
Si All mOUnerSy 2 ee we a eee © I OG 1.25 0.29 3.08 6.78 | 1.04 
AMohitct) We eee ee Le 6.14 8.33 6.165 | 383. 7%8 | 45 018m 24.03 
| | 


much greater than in the sectional incubator and that the ozeur- 
rence of malposition 5 was high in both incubators, altho more 
so in the forced-draft machine. 


4, EFFECT OF DIFFERENCES IN TEMPERATURE 
ON HATCHABILITY (16) 


The temperature that gives best results for chicken eggs is 
usually recommended for the incubation of turkey eggs. Gray- 
bill (17) suggested that the temperature be ‘‘maintained as 
nearly as possible at 103° F.’’, but he does not state the position 
of the thermometer. 

Scott (18) incubated turkey eggs at 98° F., in lot 1; 90° F., 
in lot 2; 100° F., in lot 3; and 101° F., in lot 4, for theses 
week, and the temperature was raised one degree each successive 
week in all lots. The percentage hatch of fertile eges in trial 
one was 71.4, 69.4, 81.6 and 75.0, for lots 1, 2, 3 and 4 respec- 
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tively. In trial two, the percentage hatch of fertile eggs was 
54.9, 61.5, 78.4 and 58.3, for the same lots. On the basis of this 
work, the Kansas Station (19) recommended a temperature of 
99° F., in a foreed-draft machine and 100°, 101°, 102°, and 
103° F., for the first, second, third and fourth weeks respec- 
tively for the sectional type, the bulb of the thermometer resting 
on a level with the top of the turkey eggs. 

Mussehl (20) suggested that the best results may be ob- 
tained with sectional incubators when the temperature at the 
top of the egg is maintained at from 102° to 103° F., which in- 
sures an average of the temperatures at the bottom of the eges 
of about 100° F., or slightly below. The recommendation for 
the forced-draft incubator was 99°4° to 100° F. 

Burr (21) in reporting trials with turkey eggs stated that 
“the machines were run at 103 or slightly under’’. Presum- 
ably, he referred to incubators in which circulation was pro- 
duced by gravity. The position of the thermometer was not 
elven. 

The Oklahoma Station (22) recommends 9914° to 100° F., 
for the forced-draft incubator and 102° to 103° F. at the level of 
the top of the eggs for the sectional type. 

Mussehl and Ackerson (23) found that the rate of air move- 
ment and humidity seemingly exerted a greater influence on 
hatchability during the last four days than during the first 
twenty-four days of incubation. Higher hatehability was pro- 
cured when the eggs were transferred on the twenty-fourth day 
of incubation from a foreed-draft type incubator to a oravity- 
ventilated machine. 

McFarlane, Lloyd and Mernill (24) recommended the same 
heat requirements for turkey egg incubation as for chicken 
egos. Their temperature recommendations were that the ineu- 
bator should be run at 102° F., with the bulb of the thermome- 
ter placed just above the contact point of the eggs. They sug- 
gest that the temperature may be allowed to increase to 103° or 
104° F., during the time the poults are hatching. 

Romanoff (25) ineubated* turkey eggs for three weeks at 


*In a forced-draft type incubator. 
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99.5° F., with about 65 per cent relative humidity. During the 
latter part of incubation, the eggs were transferred to incubators 
with temperatures ranging from 86.9° F. to 106.7° F. His re- 
sults showed that hatchability was best at fourth-week tempera- 
tures of from 96.8° to 100.4° F. The number of crippled poults 
at hatching progressively increased with, decrease of temperature 
below normal. The poults which hatched at temperatures of 
97.7° FB. and 99.5° F. grew well with low mortality, while the 
groups hatched at higher or lower temperature showed high mor- 
tality. It was also noted that the greatest embryo mortality 
occurred on the fifth and twenty-fifth days. 


In our experiments, 2691 eggs from Bronze turkeys were 


distributed among four lots incubated at the following mean 
temperatures :t 


Lot First Week Second Week’ Third Week Fourth Week 
ee Ae 100.5 101.4 102.6 10370 9aus 
De mee ne eae 101.0 101.9 102.9 103.4° F. 
Os chet orate 101.3 102.0 102.7 1 035lemhe 
el pt eee Nar, <a 100.9 101.1 101.3 LLORAS he 


The sectional incubator (Jamesway), in which the cireula- 
tion of air is produced by gravity, was used. The incubator 
was in a basement with concrete walls and floor. Water pans 
the full size of the compartment, were placed in the incubator 
on the day the eggs were set and contained water during the 
entire period of incubation. Thermometers which had been 
tested for accuracy were placed with the bottom of the bulb 
17g inches above the egg tray, one in each compartment. Pre- 
vious measurements showed this to be the average height (short 
axis) of the turkey eggs when on their sides. Cloths were placed 
in the hatching trays on the twenty-fifth day of incubation, on 
which day the eggs were candled. The relative humidity ecal- 
culated daily for one section of the incubator varied from 58 to 
65 percent. The eggs were turned five times daily. 


The fertility in all four groups was high, that is, from 85.2 


7 The figures are the mean of all the readings (3 to 5 daily). The op- 
erator endeavored to control lot 1 at 100%, 10114, 10214, 103, lot 2 at 101, 102, 
108, 103%, lot 3 at 10114, 102, 102%, 108, and lot 4 at 1015 101 10te on 
degrees F., during the 1st, 2nd, 8rd and 4th weeks, respectively. 
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percent to 88.7 percent. A study of the hatehability of the four 
lots (Table 6) indicates that 101° F. thruout the hatch (lot 4) 
hardly supplies sufficient heat for the best results (70.5 percent 
hatchability ) whereas a mean temperature of 103.4° F. (lot 2) 
the last week supplies more than the optimum amount of heat 
(68.7 percent hatchability). Obviously, the optimum tempera- 
ture for incubating turkey eggs in a sectional incubator, bulb on 
a level with the top of the eggs, lies between 100%° and 103° Vales 
since the best hatches were in lots 1 and 3. However, whether 
there is any advantage in starting incubation as low as 1004%° 
or 101° F. remains for further experiments to determine. That 
a mean temperature of 103.4° F. the fourth week of incubation 
is detrimental to the developing embryos is clearly shown in 


TABLE 6. EFFECT OF TEMPERATURE ON HATCHABILITY AND 
DISTRIBUTION OF MORTALITY OF TURKEY EGGS 
(SECTIONAL INCUBATOR). 


| Lot 1 | Lot 2 | Lot 3 Lot 4 
; | | | 

eT ellOmer eo Sipe ee ee Se 641 | 659 | 548 | 491 
Stronsspoults hatched =) == = | 496 | 453 | 416 | 346 
Percentage of hatchability —— | ties 6S teal 50g ot 70.5 
NMortalityettsts week 2 | Ee) | 6.4 | Anca 4.3 
Mortality, second week -_.--.----.-- eet vay, A 0.9 1.4 
Nortalityaethinrde week, == | ahah 4 nae | ckeey || 1.8 
IMiomtalneyam tour thew eek ee 9.2 | 16.4 | TOE 12.6 
NMIGRIUMIKY. (Our, | WG. | 26.3 | OO 20.1 
Percentage of weak poults* 5.9 | BO Haak 4 9.4 
Mean temperature, first week 100.5 | oko WOH Bs | 100.9 
Mean temperature, second week...| 101.4 | 1OLO- || Wee@ || —al@ yak 
Mean temperature, third week | ROP | 102.9 | WOA SY | aes 
Mean temperature, fourth week — 103.0 | 103.4 | 103.1 | 101.4 


* Weaklings and spraddle-leg poults. 


Table 6. It should be noted that the highest weekly mortality, 
16.4 percent of fertile eggs, was in lot 2 during the fourth week 
of incubation. Since this lot showed no higher mortality the 
third week than lot 3, which received only a slightly lower tem- 
perature that week, obviously the decided increase in embryo 
mortality the last week was caused by heat above the optimum. 


5. EFFECT OF POSITION ON HATCHABILITY (16) 
Certain manufacturers of cabinet incubators have recently 
recommended hatching chicken eggs on end. The egg trays are 
transferred on the eighteenth day to the hatching section with- 
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out the eggs being candled. By the use of this method, the 
manufacturers find not only a saving of labor, but an actual in- 
crease in hatch. To test this method of hatching with turkey 
eggs, eight trays of eggs were hatched, large end up, in an elee- 
tric, 30,000 egg capacity, foreed-draft incubator (Smith). The 
trays were left full, that is, 111 to 116 eggs per tray as set, and 
the eggs were not candled. An equal number of trays of eges 
was candled on the twenty-fifth day and the remaining eggs 
hatched on their sides. 

In the first hatch of this series, it was noted that the poults 
emerged from the shells with great difficulty when the eges were 
on end and several poults died from exhaustion. Hence it was 
decided to ‘‘skim’’ both groups as the hatch progressed, that is, 
to remove both the loose shells and the newly hatched poults 
every few hours. This additional labor more than offset the 
labor saved by not cand!ing on the twenty-fifth day. Hatch- 
ability was practically the same under both conditions, 79.2 
percent when the eggs were not candled and 77.9 percent when 
they were candled. Hence, the hatching of ‘uneandled eggs, 
large end up and trays full, is not recommended for turkey 

The weekly distribution of embryo mortality indicated in 
Table 7 shows no difference in the two lots the last week and all 


TABLE 7. HATCHABILITY OF TURKEY EGGS UNDER DIFFERENT 
TREATMENTS (FORCED-DRAFT INCUBATOR?®). 


90-96 45-48 
Not Eges Eggs 
Candled|Gandlea| to Each | to Each 
Hatching} Hatching 
Tray Tray 
| 
I CRtile "62 oo) meas eee see Ae ee 818 784 | 540 | 551 
Strong poults) hatehed) a ae 637 621 427 | 43 
Percentage of hatchability (les) Woe He | 1822 
Percentage of mortality, frst weelk 5.4 Ste ee 4.4 
Percentage of mortality, second week le) (55) Tle e 0.5 
Percentage of mortality, third week _| 1.6 iL OO eres 
Percentage of mortality, fourth week 12.6 SYS ale | 8.9 
Percentage of mortality, total @2.. 20.6 Oma ea 1e6 yea! 
Percentage of aweaks poulticue= ee | ety | ciara} 4.6 | Grail 
i} 


* Smith incubator, operated at temperature of 99° F., relative humidity 
61 percent until twenty-fifth day of incubation and 70 percent thereafter 
until hatch completed. 
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the eges were incubated and handled under identical conditions 
up to the twenty-fifth day of incubation, 

In another series, the eggs on the trays after candling, ap- 
proximately 95 to 100 eggs per tray, were compared with eggs 
on other trays which after candling were distributed between 
two trays for hatching. This gave approximately 47 to 50 eggs 
for each tray. The additional room had no effect on hatchabil- 
ity, as shown in Table 7; the dividend trays gave 78.2 percent 
hatchability and the undivided trays 79.1 percent, not a signifi- 
cant difference. Obviously, the additional ventilation of the 
eves and the additional room for the newly hatched poults was 
of no benefit. The distribution of the embryo mortality by 
weeks showed no significant difference between these two lots 
in any of the four weeks. The incubation conditions were iden- 
{ical 10 the twenty-fifth day. It should be mentioned that the 
incubator was only partly filled with eggs at the time the 
experiment was run, which provided ample air supply for all 
irays. The results are applicable to commercial conditions, as 
it is seldom that the hatehery is crowded for space at the end 
of the chick-hatching season, when most of the turkey eggs are 


incubated. 


6. DISCUSSION 


There seems to be a direct relationship between embryo 
temperature and growth in the turkey embryo. Under natural 
incubation there was a definite decrease in temperature from the 
ninth to tenth days. At the same time under artificial incuba- 
tion there was a definite retardation in growth. The same situa- 
tion is apparent close to the nineteenth and twentieth days, both 
in temperature and growth. These periods of retardation ap- 
pear at approximately the same relative time as those appearing 
on the ninth and sixteenth, days for the chick embryo. 

Needham (5) has shown that during the early period of in- 
cubation up to and including the seventh day, the chick uses 
carbohydrates as the source of energy. This period corresponds 
to the first nine days of the turkey embryo’s life and it will be 
noted that the retardation of growth between the n.nth and 
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tenth days probably marks the limit of this phase of embryonic 
metabolism. 

The second period of retardation which occurs between the 
nineteenth and twentieth days shows a decided pause in dry 
weight, wet weight and ash content. Needham has discussed 
the utilization of protein during the period from the seventh to 
the sixteenth day of incubation in the chick embryo and the 
metabolism of fat thereafter. The break in the curve of the 
turkey embryo corresponds to the change in materials meta- 
bolized. 

From a study of the mortality curves, the conclusion seems 
plausible that practices which are effective in decreasing mortal- 
ity during the critical periods in the incubation of chicken eggs 
should be effective in improving hatchability in the incubation 
of turkey eggs. Among these practices are, the proper control 
of humidity, temperature, ventilation and the turning of the 
eggs. Humidity should be increased by the addition of moisture 
on the twenty-fifth day of incubation without waiting tcr direct 
evaporation from the pipped eggs and shells of newly hatched 
poults, since such evaporation tends to increase the number of 
poults which stick in the shell. 

High humidity before the final period of incubation may 
cause a sticky hatch if it is associated with a temperature above 
normal. A decrease in mortality during the first critical period 
may be difficult to obtain, since causes of this mortality are 
rather obscure. Riddle (15) suggests that this mortality is 
probably associated with failures in respiratory adjustment. 
Insko and Martin (26) found some decrease during the early 
period when there was an increase in the number of times the 
eges were turned. 

7. SUMMARY 

1. The mean temperature of the embryo in turkey eggs 
being incubated naturally was 98.3° F. the first week, 99.9° the 
second, 99.5° the third, while the daily average varied between 
101.1° and 103.6° the fourth week. 

2. In a forced-draft incubator operated at 9914° F. the 
embryo temperature was below that of naturally incubated tur- 
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key eggs thruout a large part of the incubation period. At the 
beginning of the second week there was a rise and then little 
change until early in the 4th week, when there was another sharp 
rise. 

3. Ina sectional incubator operated at 10014, 10114, 10214, 
103° F. (bulb level with top of turkey eggs) the turkey embryo 
temperatures were below both the other groups during the first 
two weeks. Embryos in this group also showed a sharp rise at 
the beginning of the fourth week. 

4. The actual daily increase in wet weight, dry weight and 
ash content was very small until the twelfth day, when there 
was a noticeable increase. 

5. The increase in amount of calcium and phosphorus in 
the embyro was relatively slow until the seventeenth day of in- 
cubation. 

6. The calcium-phosphorus ratio was less than 1:1 until 
the eighteenth day of incubation, after which it exceeded 1:1. 

7. Growth, of the turkey embryo is divided into three dis- 
tinet phases, with definite periods of retardation between the 
ninth and tenth and between the nineteenth and twentieth days. 

8 The calcium content of the embryo may be used as a 
measure of growth provided the yolk material drawn into the 
body cavity is removed before analysis. 

9. Two critical periods of embryo development were ob- 
served, one centering about the fourth and the other about the 
twenty-fifth day of incubation. 

10. The peaks of turkey embryo mortality occur at com- 
parable periods of incubation for both turkey and chicken eggs. 

11. Incubation practices which tend to lessen mortality of 
chick embryos should be applicable to the incubation of turkey 
eggs with favorable results. 

12. Ina sectional incubator, the highest hatchability with 
turkey eggs was observed when the average temperature was 
100.5°, 101.4°, 102.6°, 103° F., the first, second, third and fourth 
weeks, respectively (bulb of thermometer level with top of 


eggs). 
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13. A temperature of 101° F. during the incubation period 
did not give high hatchability. 

14. A temperature above 103° F. the fourth week of ineu- 
bation increased the embryo mortality that week. 

15. Hatching turkey eggs large end up in a forced-draft 
incubator (trays full) without candling did not increase the 
hatch and necessitated extra labor at hatching time to avoid loss 
of poults. 

16. With the hatching trays of a forced-draft incubator 
comfortably filled with eggs resting on their sides nothing was 
gained by reducing the number of eggs per tray to half and 
thereby allowing more room and air for the newly hatched 
poults. 

8. PRACTICAL RECOMMENDATIONS 


In the light of the experiments reported herein and other 
incubation research with turkey eggs, principally that of Mus- 
sehl (20, 23), Scott (18, 27), Lampman (28), Marsden (29), and 
Goff (30), the following practical recommendations are given: 


1. Turkey eggs should be gathered at least once daily, and 
stored in a cool place between 40 and 60° F. until set. 

2. If turkey eggs are to be held a week or longer they 
should be turned daily. 

3. Ege cases, equipped with duck-egg fillers, hold 200 
turkey eggs and are quite satisfactory for holding and turning 
turkey eggs. 

4. It is best to set turkey eggs within a week to 10 days 
after laying, altho they will hatch well if held under the best 
conditions as long as three weeks, 

5. When incubating turkey eggs in a forced-draft ineuba- 
tor, run the machine at the temperature which has given the 
best hatches with chicken eggs. 

6. In a sectional incubator the best hatches were secured 
when the machine was run at 100%, 10114, 10214, 103° F., the 
first, second, third and fourth weeks, respectively. The bottom 
of the bulb of the thermometer was 17% inches above the egg 
tray, that is, even with the top of the turkey eggs. 


SE EEE eee 
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7. Turkey eggs require as much moisture during incuba- 
tion as chicken eggs, if not more, especially during the last three 
days of incubation. The relative humidity should be about 60% 
uutil just before the eggs pip, when it should be increased to 
70%. If the forced draft incubator is run at 99142° F. (dry 
bulb) this means a wet bulb temperature of about 88° F., until 
the twenty-fifth day and 90 to 91° F'., while the eggs are hatch- 
ing. 

8. Observation of the size of the air cell in the large end 
of the egg, by means of an egg candler, gives the operator a 
euide on the rate of evaporation. If the incubator has insuffi- 
cient moisture, the air cell increases in size too rapidly. 

9. Turkey eggs should be turned* at least four times 
daily, from the second thru the twenty-fourth day of incubation. 
The turnings should be evenly spaced from early morning until 
the last turning at night. If the eggs are turned an odd num- 
ber of times (say five) daily, they will not remain in the same 
position overnight on any two successive nights, 

10. Faulty incubation frequently results in weakened 
poults. These physical handicaps may last several days and 
later cause mortality sometimes attributed to other factors such 
as feed, brooding temperature, litter and the like. 

11. Strong, vigorous poults that may be raised with a very 
low brooding mortality can be hatched artificially. 

12. Artificial incubation will increasingly play a large part 
in the development of the turkey industry, since sufficient ex- 
perimental work has been done to show that turkey eggs hatch 
well in most well-built incubators, if properly managed. 

13. Until experimental results indicate the desirability of 
a change, it is wise to follow with turkey eggs those incubation 
procedures that have given the best hatches with chicken eggs, 


*In the sectional incubator it is desirable to rotate the turning crank 
over, back and over, so that the turning device passes across the tray, then 
back and across again at each turning. This insures all eggs being turned. 
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